We calculateB 0 s → φ translation form factors V , A 0 , A 1 , A 2 based on QCD sum rule and study the nonleptonic two-body decay ofB 0 s → J/ψφ with the form factors obtained. We calculate the time-integrated branching ratio ofB 0 s → J/ψφ decay. The results for both the total branching ratio and the cases for the final vectors in longitudinal and transverse polarizations are consistent with experimental data.
I. INTRODUCTION
CP asymmetry arises due to the non-vanishing complex phase of the Cabibbo-KobayashiMaskawa (CKM) matrix elements [1, 2] in the standard model (SM). The requirement of unitarity of the CKM matrix results in a set of triangles in the complex plane.B 0 s (t) → J/ψφ is a golden decay mode to measure the angle β s , one of the angles of the triangle in the bs sector: V us V * ub + V cs V * cb + V ts V * tb = 0. The angle β s is related to the sides of unitarity triangle by β s = arg[−V ts V * tb /(V cs V * cb ) [3] .B s (t) → J/ψφ decay stimulate wide interest in both theory and experiment [4] [5] [6] [7] [8] . This decay mode is not only interesting for analysis of CP violation, but also useful for studying strong interaction in the decay process. Factorization is a basic method to calculate non-leptonic B meson decays, where it is assumed that the hadronic decay amplitude can be factorized as a product of matrix elements of two local quarkantiquark currents [9, 10] . The QCD non-factorizable corrections to the factorization result can be calculated systematically in perturbation theory, which is called QCD factorization [11, 12] . The hadronic matrix element of the quark-antiquark current in B decays can be decomposed as polynomials of form factors. The form factors are in general non-perturbative quantities in QCD, which can be calculated with non-perturbative method, such as Lattice QCD, QCD sum rule, QCD light-cone sum rule, and quark model, etc. TheB 0 s → φ transition form factors involved inB 0 s → J/ψφ decay have been calculated by QCD lightcone sum rule (LCSR) [13, 14] , Quark model (QM) [15] , and QCD sum rule [16] in literature.
Some form factors obtained by QCD sum rule in Ref. [16] are different from other results calculated in Refs. [14, 15] by a sign. Here in this work, we revisit theB 0 s → φ transition form factors with QCD sum rule method. Then the from factors obtained in this work are used to study the nonleptonic decay ofB 0 s → J/ψφ. The the transverse, longitudinal and total time-dependent decay widths Γ L (t), Γ T (t) and Γ(t) are calculated respectively. The results are consistent with experimental data within experimental and theoretical uncertainties.
The remainder of this paper is organized as follows: In sec. II, we present the method to calculate the form factors in QCD sum rule method. Section III is for the numerical analysis, and Section IV for the application of the form factors in the decay modeB 0 s → J/ψφ. Section V is a brief summary. 
where the parameters V , A 0 , A 1 , A 2 are the transition form factors, and q = p 1 − p 2 .
The QCD sum rule method was originally developed by Shifman, Vainshtein and Zakharov in the late 1970s [17, 18] , which was widely used in hadronic process, see Ref. [19] for a review. In order to calculate the transition form factors ofB 0 s to φ in QCD, we consider the three-point correlation function defined by
where the three currents are: (1) j 5 (y) =b(y)iγ 5 s(y), the current ofB 0 s channel; (2) j ν (0) = sγ ν (1−γ 5 )b, the current of weak transition; (3) j φ µ (x) =s(x)γ µ s(x), the current of φ channel. One can use the double dispersion relation to express the correlation function as
where ρ(s 1 , s 2 , q 2 ) is the spectral density. By inserting a full set of intermediate hadronic states into the time-ordered product in the correlation function, one can obtain the spectral density function as
where X and Y denote the full set of hadronic states of φ andB 0 s channels, respectively. Substituting the spectral density ρ(s 1 , s 2 , q 2 ) in Eq. (4) into Eq. (3) and integrating over s 1 and s 2 , then we can get
The result of the correlation function in the above equation can be also expressed as a sum of the ground states, excited states and continuum states
+ excited states + continuum states.
Using the definition of decay constants in the following
where f φ and f Bs are decay constants of the relevant mesons, the correlation function is changed to be 
Meanwhile the time-ordered current operator in the correlation function in Eq. (2) can be expanded in terms of a series of local operators with increasing dimensions in QCD 
.
The Calculation of the Wilson Coefficients
In this section, we calculate the Wilson coefficients in the operator-product expansion, then extract the relevant coefficients f i for the sum rules of the form factors in Eq. (13) .
The method of the calculation is very similar to that used in our previous work in Ref. [20] , where the form factors in D + s → φlν decay were studied in QCD sum rule method. So we will not give the details of the calculation in the present paper. But for the completeness of this paper we shall give some main points of the calculation in this section.
All of the Feynman diagrams for calculating the Wilson coefficients in OPE in Eq. (9) are shown below. They are: diagram for perturbative contribution in 
FIG. 3:
Diagrams for contributions of gluon-gluon operator.
Diagrams for mixed quark-gluon operators.
FIG. 5: Diagrams for four-quark contributions.
The perturbation contribution
For perturbative contribution shown in Fig.1 , only the leading order in α s expansion is considered here. This contribution is relevant to the Wilson coefficient C 0 in OPE of the correlation function in Eq. (10) . The amplitude can be written as
We can re-write the integration of Eq. (14) in the form of dispersion integration
The spectral density ρ(s 1 , s 2 , q 2 ) can be calculated according to Cutkosky's rule [21] , i.e., replacing the denominators of the quark propagators with δ functions and putting all the quark lines on-mass-shell, 1/(
. Then the spectral density can be calculated from
Some basic formulas are needed to perform the integration in Eq. (16), which have been obtained in Refs. [20, 22] . They are given in Appendix A. With results of I, I µ and I µν given in Eqs. (A1) ∼ (A3), the integration in Eq. (16) can be performed without difficulty.
Contributions of the quark-quark operator
The diagrams for the contribution of "quark-quark" condensation are shown in 
where
are the propagators of s and b quarks, respectively. Moving the quark field operatorsΨ(x) and Ψ(y) together then we can obtain
where α and β are Dirac spinor indices. The matrix element 0|Ψ β (x)Ψ α (y)|0 can be treated in the fixed-point gauge [23] [24] [25] , the result of which up to the order of x 3 and y 3 has been given in Ref.
[20]
where a and b in the above equation are the color indices, m is the quark mass. From Eq. (19) one can see that Fig.2 (a) contributes not only to the coefficients of quark condensate Ψ Ψ , but also to mixed quark-gluon condensate g Ψ σT GΨ and the four-quark condensate Ψ Ψ 2 .
Contributions of the gluon-gluon operator
The diagrams for the contribution of gluon-gluon operator are shown in Fig.3 . It is convenient to calculate these diagrams in the fixed-point gauge, in which the gauge fixing condition is taken as z µ A a µ (z) = 0 [23] [24] [25] . Then the external color field can be expressed in terms of its strength tensor [24] ,
Expanding the above expression to the first order of z, one can get
Another equation useful for the calculation of the contributions of the diagrams depicted in Fig.3 is
where GG is the abbreviation of 0|G 
Contributions of the quark-gluon mixing and four-quark operators
The diagrams for non-local quark-gluon mixing and four-quark contributions are shown in Figs.4 and 5, respectively. The methods to calculate the contributions of these diagrams are similar to that for other diagrams. Two different vacuum-expectation values of the non-local quark-gluon mixing operators should be used. They are:
(1) The vacuum expectation value of quark-gluon mixing operatorΨ(x)Ψ(y)G a µν , which is expanded to be [20] 
where Ψ σT GΨ and Ψ Ψ 2 are the abbreviations of 0|Ψσ µν T a G aµν Ψ|0 and 0|ΨΨ|0 2 respectively, and g is the strong coupling constant.
(2) The other matrix element needed is [22] 
and the external color field in fix-point gauge expanded up to the second order is used
hereD α is the covariant derivative in the adjoint representation, (
After calculating all of the diagrams in Figs.4 and 5, we find that the contributions of 
III. NUMERICAL CALCULATION OF THE FORM FACTORS
For the numerical calculation, the standard values of the condensates at the renormalization point µ = 1GeV are used [17] [18] [19] ,
The were calculated up to infinite order. However, in practice OPE can only be calculated up to finite orders. So Borel parameters have to be selected in some "windows" to get the best stability of the physical results. The criterion to choose the region for M 1 and M 2 is: (1) The contributions of the excited and continuum states should be effectively suppressed to make sure that the sum rule does not depend on the approximation for the excited and continuum states sensitively. This requires that the Borel parameters should not be too large; (2) The contribution of the condensates of higher dimensional operators should be small to make sure the truncated OPE is effective. The series in OPE generally depends on
Borel parameters in the denominator 1/M n 1,2 , where n is positive integer. The higher the dimension of the operator, the larger the integer n. This requires that the Borel parameters should not be too small. After numerical analysis, we find the optimal stability in accord with the requirements which are shown in Table I The final results for the form factors at q 2 = 0 are
We compare our results with other nonperturbative approaches such as LCSR [14] and CQM [15] in Table II . The form factors for semileptonic decays of B 0 s to φ meson have also been calculated by QCD sum rule in Ref. [16] . We do not list the value of A ⋆ 2 (0) = −0.44 of Ref. [16] in Table II , because the form factor A ⋆ 2 (0) defined in [16] does not directly correspond to the defination in our work. The relations of the form factors defined in Ref. [16] and ours are
denote the form factors defined in [16] . Table II shows that our results for A 1 , A 2 and V are more consistent with the results of LCSR in Ref. [14] and CQM in Ref. [15] . Only A 0 is slightly smaller than theirs. The difference between the results of the form factors in Ref. [16] and ours is large. The reason is checked, that is: for the contribution of the condensate of the operator of dimension 3, the leading contribution is at the order of (m s /M i ) 0 in our calculation, which comes from the first term In the next section we can see that the branching ratios of B s → Jψφ calculated with the form factors obtained in this work are consistent with experimental data.
For the q 2 -dependence of the form factors, we varied the value of q 2 by keeping it slightly larger than 0. We find that the q 2 -dependence of V (q 2 ), A 0 (q 2 ) and A 2 (q 2 ) are well compat-ible with the pole-model [27] , which can be expressed as 
where the effective Hamiltonian is 
For Wilson coefficient C i (µ), we take the value calculated by naive dimensional regularization(NDR) scheme up to the next-to-leading-order at renormalization scale µ = m b as [28] C 1 = −0.176; C 2 = 1.078; C 3 = 0.014; C 4 = −0.034; C 5 = 0.008; C 6 = −0.039;
where α is the electromagnetic coupling constant, which takes α = 7.297 × 10 −3 .
We can divide the total effective amplitude into three parts
whereĀ 1 denotes the contribution of the two tree diagrams of Fig.7 (a) and (b),Ā 2 the contribution of Fig.7 (c) , andĀ 3 the contribution of Fig.7 (d) .
The amplitude of the two tree diagrams is
while the amplitudes of the two penguin diagrams arē
Because ofB 
with There are three polarization states for φ meson: one longitudinal state and two transverse polarization states (right-handed and left-handed). We define
then using Eq. (1) and the following matrix elements for J/ψ meson
we can obtain, for the longitudinal polarization states of the vector mesons
and for the transverse polarization states
where p φ = We can write |Ā ef f | 2 in terms of the sum of one longitudinal and two transverse polarization amplitudes squared
In the same way, |A ef f | 2 can be written as
The relevant expressions for the terms in the right hand of Eqs. (44) and (46) are given in the Appendix C. Then we obtain the transverse time-dependent decay width
and the longitudinal time-dependent decay width
We take 
And the total time-dependent decay width is [3] 
Similarly, we can also obtain the total time-dependent decay width of B 0 s (t) → J/ψφ, which is [3] 
Integrating the above time-dependent decay widths over t from zero to infinity, we can get the relevant branching ratios [29, 30] 
Substituting the values for the relevant parameters and quantities into the above equation
we can get
and the total total decay branching ratio is
which are in good agreement with experimental data within uncertainties [3] :
V. SUMMARY
We calculate theB 
Appendix B
The results of relevant Borel transformed Coefficients for the transition form factors in Eq. (13) are given here.
0 +Bf
where,B
where λ = (s 1 + s 2 − q 2 ) 2 − 4s 1 s 2 . The lower limit of the integration s L 1 is determined by requiring that all internal quarks are on their mass shell [27] 
2) Borel transformed result for f 1 + f 3 : 
B f
3) Borel transformed result for f 1 − f 3 : 
B f 
